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ABSTRACT

Objective: This research aimed to elucidate the HHV-6 IgM and HHV-6 IgG antibodies in febrile and healthy individuals
using ELISA to determine the distribution rates of HHV-6 antibodies in Istanbul.

Method: This research has enrolled 149 individuals (Group 1) admitted to the hospital with fever and had at least two
symptoms, such as sore throat, swollen lymph nodes, and increased leukocyte count together with fever, with suspicion of
herpes infection and 121 healthy individuals (Group 2) who had no complaints or findings and were admitted to the hospital
for routine check-ups—the presence of HHV-6 Ig M and HHV-6 Ig G antibodies in two different groups.

Results: According to the study, HHV-6 1gG antibody was detected in 86 (57%), and HHV-6 IgM antibody in 28 (19%) of
149 febrile individuals. HHV-6 IgM antibody was detected in febrile patients. HHV-6 1gG antibody was found in 48% of
healthy individuals, and HHV-6 IgM antibody in 6%. HHV-6 1gM was not detected among healthy individuals in the 0-5 month
group. The findings were consistent with the HHV-6 IgM and HHV-6 1gG rates reported in the literature. This study shows
that HHV-6 was encountered in 48% of healthy individuals.

Conclusion: This study's results are consistent with the information in the literature. Based on the data, it was thought that
organ transplant recipients and donors should be evaluated for HHV-6 infection and that HHV-6 infection should not be ignored
in children admitted to the hospital with fever.
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OZET

Amag: Bu arastirma, Istanbul'da HHV-6 antikorlarmin dagilim oranlarini belirlemek igin ELISA kullanarak atesli ve saglikli
bireylerde HHV-6 IgM ve HHV-6 IgG antikorlarin1 aydinlatmay1 amaglamustir.

Yontem: Bu arastirmaya, atesle hastaneye yatirilan ve bogaz agrisi, sismis lenf diigiimleri ve atesle birlikte 16kosit sayisinda
artig gibi en az iki semptomu olan, herpes enfeksiyonu siiphesi olan 149 kisi (Grup 1) ve herhangi bir sikayeti veya bulgusu
olmayan ve rutin kontroller i¢in hastaneye yatirilan 121 saglikli kisi (Grup 2) dahil edilmistir - iki farkli grupta HHV-6 Ig M
ve HHV-6 Ig G antikorlarinin varlig1 saptanmustir.

Bulgular: Caligmaya gore, 149 atesli bireyin 86'sinda (%57) HHV-6 1gG antikoru, 28'inde (%19) HHV-6 IgM antikoru tespit
edilmistir. Atesli hastalarda HHV-6 IgM antikoru tespit edildi. Saglikli bireylerin %48'inde HHV-6 IgG antikoru, %6'sinda ise
HHV-6 IgM antikoru tespit edildi. 0-5 aylik grupta saglikli bireylerde HHV-6 1gM tespit edilmedi. Bulgular literatiirde
bildirilen HHV-6 IgM ve HHV-6 IgG oranlariyla tutarliydi. Bu galisma HHV-6'nin saglikli bireylerin %48'inde goriildiigiini
gostermektedir.

Sonug: Bu ¢aligmanin sonuglari literatiirdeki bilgilerle tutarlidir. Verilere dayanarak organ nakli alicilar1 ve donérlerinin HHV-
6 enfeksiyonu agisindan degerlendirilmesi gerektigi ve hastaneye atesle bagvuran ¢ocuklarda HHV-6 enfeksiyonunun goz ardi
edilmemesi gerektigi diisliniilmiistiir.

Anahtar Kelimeler: Insan Herpes Viriisleri (HHV-6), Atesli Enfeksiydz, Ig M, Ig G, Exanthem Subitum.
INTRODUCTION

Human Herpes virus 6 (HHV-6) belongs to the family Herpesviridae, and it was first identified in 1986
in people with lymphoproliferative diseases. It has been accepted as a new member of the disease-
causing viruses such as Herpes simplex types 1 and 2, Varicella-zoster, cytomegalovirus, and Epstein-
Barr viruses [1]. Human Herpesvirus 6 is the cause of roseola infantum (Exanthem subitum, 6th disease).
Exanthem subitum is an infectious disease prevalent in children between 6 months and 3 years of age
[2]. Studies conducted before the identification of HHV-6 provided essential clues about the role of the
marked increase in antibody levels in the course of various diseases and the infection and reactivation
in individuals with weak immune systems [3]. Studies conducted in multiple countries have found that
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antibody positivity rates are high in patients with AIDS, sarcoidosis, and B-cell lymphoma. HHV-6
infection has been reported in numerous cases of organ transplantation [4].

Human herpesvirus type 6 (HHV-6) causes exanthema subitum (ES), a benign, febrile disease seen in
children, especially in the first two years of life. ES is a disease characterized by sudden onset of high
fever and the appearance of a rash after the fever subsides. The most common complications in ES
patients are central nervous system (CNS) complications such as febrile seizures and encephalitis. After
primary infection, HHV-6 can establish a lifelong latency in peripheral blood mononuclear cells,
salivary glands, and CNS [5]. Exanthema subitum is also known as roseola infantum, exanthema
criticum, sixth disease, pseudorubella, and three-day fever. The disease is a clinical syndrome
characterized by a high fever lasting 3-5 days and the appearance of rashes after the fever subsides. The
pathogenesis of the disease is not fully known. ES is a disease of the young age group most commonly
seen in children between 7-13 months of age. 90% of cases are children under two years of age [6].
Classical ES begins with a fever exceeding 40°C and lasts 3-5 days (average 3.8 days). It is often
accompanied by irritability. Despite this, most children appear active and alert [7]. The differential
diagnosis of a child with fever and rash is one of pediatrics's most common and important issues. Viral
rash diseases in children often consist of acute infectious diseases that are self-limiting and can resolve
without treatment. The two main findings are fever and rash, as in the title. In most cases, the cause is
viruses.

HHV-6, in the beta herpesvirus group of human herpes viruses (HHV), is an acute, febrile infectious
disease specific to childhood. It is probably transmitted to children through the secretions of adults.
Cases are sporadic. It does not cause outbreaks. It is frequently observed in the community. The
incubation period is 10-15 days. Antibodies transmitted from the mother are protective. After infection,
it infects CD4, CD46 T lymphocytes. The most common finding in primary HHV-6 infections is fever.
A rising fever (40°C) and irritability occur following a short prodromal period. Secondary roseola
infection can rarely be seen, and this is due to HHV-7 [8]. Laboratory findings may include decreased
mean leukocyte, lymphocyte, and neutrophil count, thrombocytopenia, increased liver enzymes, and
atypical lymphocytes in the peripheral smear [7, 8].

Within the scope of this research, we aimed to elucidate the HHV-6 IgM and HHV-6 1gG antibodies in
febrile and healthy individuals using ELISA to determine the distribution rates of HHV-6 antibodies in
Istanbul.

METHOD

This research has enrolled 149 individuals (Group 1) admitted to the hospital with fever and had at least
two symptoms, such as sore throat, swollen lymph nodes, and increased leukocyte count together with
fever, with suspicion of herpes infection, and 121 healthy individuals (Group 2) who had no complaints
or findings and were admitted to the hospital for routine check-ups—the presence of HHV-6 Ig M and
HHV-6 Ig G antibodies in two different groups. A total of 270 serum samples were obtained from
individuals who applied to the pediatrics and diseases clinic, infectious diseases and clinical
microbiology department, skin diseases, and internal medicine department of SSK Goztepe Education
Hospital (Table 1). These 270 venous blood samples were centrifuged, and the sera obtained were stored
at -20°C.

Cases whose Salmonella slide agglutination test, Brucella (Rose-Bengal) slide agglutination test and
Mononucleosis test were negative from the serum samples sent to the laboratory for fever testing were
included in the study.

HHV-6 Ig G and Ig M antibodies were investigated using the ELISA method using Milenia HHV-6 Ig
M and Milenia HHV-6 Ig G Kits available in Bad Nauheim, Germany. These Kits were developed to
diagnose HHV-6 infection by qualitatively determining Ig M and Ig G antibodies in serum. The
microplates used in the test interact with HHV-6A and HHV-6B antigens in the solid phase. Disposable
plastic tubes, absorption tubes, and pipette tips were preferred for the study. To prevent false positives
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specific to specific Ig G and rheumatoid factors in determining HHV-6 Ig M, sera were examined by
diluting them in absorption tubes. An increase in HHV-6 antibodies was observed in primary infections
of CMV. Therefore, CMV Ig M was also discussed in the obtained HHV-6 Ig M-positive samples.
Serum samples and kit solutions used for the study were brought to room temperature (15-28°C) before
use. Sera were diluted 1/101 using a sample dilution solution. Antigen-coated microspheres were added
to the microplates, reacted with the sera, and kept for 60 minutes. Then, the washing process was
performed four times. Then, the second antibody solution containing the peroxidase enzyme was added,
kept for 60 minutes, and rewashed. TMB/substrate solution was added and incubated in the dark for 10
minutes. 100 ul of stop solution was added to each well, and the results were read with a
spectrophotometer at 450 nm wavelength within 10 minutes after the stop procedure. The results
obtained were compared with positive and negative control sera. Optical density (OD) values were
evaluated qualitatively by determining the cut-off point (OD cut-off). Positive results were accepted as
10% above the cut-off point, and negative results as 10% below the cut-off point.

All procedures followed were in accordance with the ethical standards of the responsible committee on
human experimentation (institutional and national) and with the Helsinki Declaration of 1975, as revised
in 2008. Our institution has granted ethics committee approval with the protocol number, and informed
consent has been obtained from all participants.

Statistical Analysis

Patient data collected within the scope of the study were analyzed with the IBM Statistical Package for
the Social Sciences (SPSS) for Windows 26.0 (IBM Corp., Armonk, NY) package program. Frequency
and percentage for categorical data and mean and standard deviation for continuous data were given as
descriptive values. For comparisons between groups, the “Independent Sample T-test” was used for two
groups, and the “Pearson Chi-Square Test” was used to compare categorical variables. The results were
considered statistically significant when the p-value was less than 0.05.

RESULTS

Table 1. Sources of Serum Collection

Clinics 0-5 6-11 12-23 2-14 years,

months months months

Pediatric Clinic | 133 113 | 196 | 8 13 39 34 77 56
g‘ifsegatégls”‘cnnic 63 2 1 11 9 14 13 22 26 37
Surgery Clinic 13 4 6 3 10 3

Internal

Medicine 61 31 1 1 17 17 15 6 36 25
Clinic

Total 270 64 | 207 | 1014 69 65 34 31 149 121

F: fever H: healthy.

Using ELISA, the data obtained investigated the presence of HHV-6 Ig M and Ig G antibodies in 270
serum samples. These samples were taken from 0-5 months, 6-11 months, 12-23 months, 2-14 years,
and adult groups. In total, 149 of the 270 serum samples were obtained from febrile patients and 121
from healthy individuals. In HHV-6 Ig M positivity, CMV Ig M was negative in febrile patients, while
positivity was observed (Table 2). HHV-6-specific Ig G was detected in 57% of febrile patients and Ig
M in 19%. The disease incidence rate was determined as 19% and was found to be statistically
significant (p<0.01). HHV-6 Ig G was found in 48% of healthy individuals, and Ig M was found in only
6% (Table 3). When age groups were examined: 0-5 months, HHV-6 Ig M was not detected in the
healthy group. In the febrile group, 6% Ig M + 56% Ig G positivity was observed. Between 6-11 months:
Both groups had no HHV-6 Ig M positivity. Ig G positivity differed in the febrile (60%) and healthy
(43%) groups. In addition, Ig M+Ilg G positivity was detected in 10%. 12-23 months: HHV-6 IgG
positivity was found in 60% of the febrile group and 50% in the healthy group. Between 2-14 years:
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HHV-6 IgM was limited in the febrile (6%) and healthy (1.5%) groups. 1gG positivity was similar in the
febrile (36%) and healthy (35%) groups. Ig M + Ig G positivity was observed in the febrile (16%) and
healthy (1.5%) groups.

Table 2. Antibody distribution in febrile individuals according to age groups

Age 1gG (-) Total IgG+ | Total IgM+
groups lg G+ IgG+ IgM+ IgM (-)

lg M+ N % [N % |N %

N % N % N %
0-5 16| 1 6% |o 56% 6 38% | 10 62% 1 6%
months
kL 20| 2 10% |12 60% 6 30% | 14 70%m| 2 10%
months
12-23 10 6 60% 4 40% | 6 60%
months
;ﬁs 60 | 11 16% |25 36% 4 6% 20 22% | 36 s |15 2%
Adult 34 | 6 18% |14 41% 4 12% | 10 29% | 20 59% | 10 30%
Total 49| 20 13% |66 42% 8 6% 55 37% | 86 5/% | 28 19%

Adults: Only HHV-6 1gM was found positive in 12% of the febrile group and 3% of the healthy group.
IgG positivity was observed in the febrile (41%) and healthy (52%) groups. IgM+IgG positivity was
found in the febrile (18%) and healthy (13%) groups.

Table 3. Antibody distribution in healthy individuals according to age groups

19G (-) ve IgM(-
Age IgG+ IgG+ ) Total 1gG+ Total IgM+
groups oM+
IgM+ g
N N o N N o N % N %
N % % % ’
0-5
4 4 100% 4 100%
months
Ll 7 3 43% 4 57% 3 43%
months
12-23 14 7 50% 7 50% 7 50%
months
;2/;;5 65 1 150%[23  35% 1 150% |40 62% |24 3650% | 2 3%
Adult 31 4 13% |16 52% T 3% |10 32% |20 65% 5 16%
Total 121 5 4% |53 2% | 2 2% |51 50% |58 48% 7 6%

DISCUSSION

Human herpesvirus 6 has all the characteristic features of the Herpesviridae family. Initially, it was
suggested that it be placed in the gammaherpesvirinae subfamily due to its affinity for lymphocytes.
Still, it was classified in the beta herpesvirinae subfamily considering its genetic similarity to
cytomegalovirus (CMV) and its ability to form inclusions. The differences between the A and B variants
of human herpesvirus six have been determined in detail. There are 4% to 25% differences between the
genome sequences. These similarities cause intense cross-reactivity between the types [9].

Observations by electron microscopy show that the HHV-6 virus has an icosahedral capsid, envelope,
and 162 capsomeres, 160-200 nm in diameter [10]. The approximate diameter of the nucleocapsids is
90 to 110 nanometers [9]. Since HHV-6 is an enveloped virus, it can be quickly inactivated by ether and
other lipid solvents. However, it is not resistant to freezing and thawing [1, 2]. It is stable below 37°C
but not above 42°C and below pH 6.5 [11]. HHV-6 antigens have been detected in the epithelium of
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bronchial glands and saliva. Since infectious HHV-6 has been reported in the saliva of adults,
transmission is assumed to occur through oral secretions. [12].

The first infection with HHV-6 usually occurs in children approximately 3-6 months after birth, after
maternal antibodies have waned. Most children become seropositive, that is, develop antibodies to the
virus, by age 2. It is still unknown how contagious HHV-6 is [13]. The most common childhood disease
associated with HHV-6 is exanthema subitum (Roseola infantum, 6th disease). In North America and
Europe, perhaps 60-70% of primary infections may be asymptomatic, usually resulting in a mild febrile
illness. In Japan, exanthema subitum is diagnosed in approximately 60% of children [14]. Exanthema
subitum caused by HHV-6 is characterized by high fever (>39°C) for 3-5 days. This is followed by 1-3
days of rash, blistering, and swollen lymph nodes. In the exanthematous phase of primary infection,
lymphocyte increase and neutropenia are frequently observed. The disease is usually overcome without
complications. Approximately half of the first febrile illnesses after birth are due to primary infection
with HHV-6 [15]. The incubation period is between 5-15 days. The disease usually lasts 2-7 days. HHV-
6 virus is sensitive to ganciclovir and foscarnet. Ganciclovir is an antiviral drug that inhibits DNA
polymerase, while foscarnet is an antiviral drug that inhibits DNA polymerase and reverse transcriptase
[16]. No specific treatment is required for roseola infantum. Antipyretics can be used in cases of high
fever, and antiseizure drugs can be used in seizures [17].

Huang et al. used polymerase chain reaction (PCR) to detect HHV-6 DNA in serum and plasma. Their
research showed that the PCR test gave positive results with the appearance of HHV-6 Ig G antibodies.
This emphasized that detecting HHV-6 DNA in serum by PCR is essential in diagnosing acute or active
viral infections [18]. Eizuru et al. investigated the presence of HHV-6 using biopsy samples taken from
cervical lymph nodes. Their study detected and demonstrated HHV-6 antigen with the Anticomplement
Immunofluorescence (ACIF) method [19]. Another study examined HHV-6 antibody levels using
immunofluorescence assay (IFA) and anticomplement immunofluorescence (ACIF) methods by taking
smears from the sera of 10 patients. In their study, they found that IFA titers were higher than ACIF.
They also reported that the method that can best show the presence of antibodies 5-8 days after infection
and is easily understood is IFA for staining [20].

Fox et al. [21] examined the sera of 96 individuals in the past to investigate the presence of HHV-6 and
CMV, VzZV, EBV, and HSV-IgG antibodies. Their study found no antagonism or cross-reaction
between HHV-6 and other herpes viruses. They showed that the indirect immunofluorescence method
used to detect HHV-6 IgM and IgG antibodies is specific and that HHV-6 IgM antibodies are found
both in the primary infection and reactivation periods [21].

In their previous study, ELISA examined the presence of HHV-6 IgG. In the ELISA test, the lysate of
cord blood mononuclear cells infected with HHV-6 was used as an antigen. Different results were
obtained with indirect IFA and neutralization tests. The study showed the presence of HHV-6 IgG in all
infants. The lowest HHV-6 1gG level was detected in infants aged 3-6 months and increased between 1-
2 years of age, reaching a maximum level. It was observed that the prevalence remained almost constant
after the age of three [22].

In another study, the HHV-6 IgG avidity test was used to examine primary and recurrent HHV-6
antibody responses in individuals who received organ transplants. In primary HHV-6 infection, changes
in antibody avidity were detected, and avidity increased within 5 months. HHV-6 seropositivity was
observed in six patients. This test was reported to be valuable in herpesvirus studies in patients who
received organ transplants and can distinguish primary from recurrent infections [19].

CONCLUSION

The results of this study are consistent with the information in the literature. Based on the data, it was
thought that organ transplant recipients and donors should be evaluated for HHV-6 infection and that
HHV-6 infection should not be ignored in children admitted to the hospital with fever.
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